Searching PAJ 


PATENT ABSTRACTS OF JAPAN 


(1 1 publication number : 2002-261 026 

(43)Date of publication of application : 13.09.2002 


(51)Int.CI. 


H01L 21/205 
C30B 29/38 
H01L 21/20 
H01L 21/3065 
H01S 5/323 


(21 Application number : 2001-057503 
(22)Date of filing : 01.03.2001 


(71) Applicant 

(72) Inventor : 


SHARP CORP 
YAMATO HAN DOT AI KK 

OGAWA ATSUSHI 
YUASA TAKAYUKI 
TSUDA YUZO 
ARAKI MASAHIRO 
TANETANI MOTOTAKA 
OISHI TAKAHIRO 


(54) DEVICE AND METHOD FOR MANUFACTURING III-V-FAMILY COM POUND SEMICONDUC TOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To inhibit the generation of warpage 
and cracks when a IH-V-family compound semiconductor with a 
thick film is to be subjected to crystal growth. 
SOLUTION: The III-V-family compound semiconductor is 
manufactured at the surface side of a species substrate 101 until a 
specific film thickness is reached, an etching gas is supplied to the 
species substrate 101 from the back side of the species substrate 
101 by an etching gas supply pipe 16, the species substrate 101 is 
removed, and a V-family feed gas is supplied from the V-family 
raw-material supply pipe 14B to a surface where the species 
substrate 101 is removed, thus manufacturing the III- V-family 
compound semiconductor that inhibits defects due to roughness in 
the surface, canceling influence due to distortion that is generated 
by the stress difference between a rough GaN surface and a GaN 
growth surface with excellent crystallizability, and reducing the 
defects such as the warpage and cracks. 
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HltSl OfcfflOT. ffi»«l 0 1 KlIl-V»Kt^ 

j£tcot,>T . G a N/f M©j£M£0iJ4 UTSiHJ-r-S. 
[0 05 1 ] ST. (1 1 1) AM$ii«2^> 
?IICGa A s fl»g 1 0 1 £. T*h>. T^a-Jl- 
«:J:.,-Ci5t^l//c^. ract:SSl lft<DD-bzfZ 1 2tC 
«}#/I\2 HCj:- 3 Tga^-rHS-r.&„ CCT. Ga 
As©^iE^«4. 53A. ^Bi5S^»tt6 x 1 0"' 

[0052] ft*?. *nte©^fis i Ttt. aaig i o i 

ilt(lll) Affij=£±BB4-r -5G a A s «r^L/c 


(6) 

9 

#Kcoi,>-ciEa$-r-5.# t mc*&w<Dm-vmt-£Vt 

(100) ?Offe©I5ilit5GaAs . S i . G 
aSb, GaP. 1 n P. InAs, InSb. Zn 
C\ SS. Mg A 1 ,0,a£©;*£*JH!!*SII (AB 
,X«:A, BttilteTC^ Xt*^tt7cS) . NdGaO 
.fffl^P^^-f h&USJl. LiGaO,f©l«4i 

[0 05 3] &tC. SffiSS 1 1 ©F*38I5£K£3I# U 
■£©ft, A-^Efc£Sg-c. 5Jt.SSl lrtttg^tf* io 

[0054] 2ac •tf-tz?'* i 2 zmisfticmmm? 

SCiKiO. ffiSISl 0 1 £ 5 HHS/m i n. fig© 
0fejISt:'llls3-y-^7!H?,. ttt-f 1 7=Srig«63 

Vi£M*4«*Sg 1 4 A&CX K — 1"> ^M^te© 1 
SCD^-n-enfDia^tt^^XJH 4 aMl 5a*6, 
•Sftl 0 L/m i n. ©gf&#:*£i]£Lft#6. ffiSffi 
10 lOiSgiBOO-CST^igf^ Iltf&l 
1 3©m^JKfcH&!&6Pl 8tCGa^il^flfa 
Ottet, niKIQtyRi'iBff 1 8 * 8 0 0 TOUKfcAMfc 20 

13tc, 1 00 c c/m i n. ©tftg©HC 1 #*<!:5 
OOcc/min. ©«ES©S*:tf* tZmAlrZ. 11 
1 3|*3tC^A2^/cHC 1 III& 
J^fWiKSP 1 8 ©G a iSfCL-t. G a C 1 
L/, lIlJSMif4«^^X;H 3 a:6>6. GaCl^ii 

[0 05 5] Illgtffittttte* 1 3(cHC 1 t}^ *m\ 
LtefcT*>6ift3##tIiIL/cft. VW«»&f 14 
A*>e, 5L/min. ©iSlONH^^iSL/m 30 

in. <Dm.M<Dmm#X HZ. -S^ffiite 

"gl 3Rtf 1 4 AW^WSWGaC liNH.i 
WfcfcLX, mmmi 0 U(cGaNiSmi/t, 

[0 0 5 6 ] GaN^/S*«6 0 OAgglC^-SS-C. 4 

*€> 1 0 0 0*C£-C©#?iSB#K:£Ht'£>.&Ga A s (1 
1 1) Ai*>eGaA sj&WRL.. GaN»»36J5)Wt"r 

[0 05 7] G a NMA^fK. KJNT « C <!: £ 40 

BKfcft. ^^VflUMBHfttMrMAfr&NH.rf/* 

ilOOO'C^tSfil/, frlBi|SJ«©#)®-CGaNJIS 

[0 05 8] F-fcf >?JMWtlft*l 5*>fc«t&;*4l<S, 

GaN^©mS\e2S©!|#t4'Srp^tC-r^,^C 
». hrxs^a^l^yxxjUv^i/^ A («T. C 

Pl Mg<!:ia-r) ^p^tmans. flfe^». GaNi© 
(jsjt. s i h,c i a iie-r) &#R*ib;*ti&. fci 50 
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T. #sm<mwkivtt, S i H,C i,t«xir. n 

[0 059] ®SS 1 0 1 (DiSS* 5 1 0 0 0 'CtCgL/t 
ft. «6&OT«|&3ftTl»4NH J #*CcmT > II 
JRtttt£*l 100 c c/m i n. ©*fi©HC 

l^i500cc/mi n. ©ifcfi©g^#* 

(C«kO 1 OOp pmKtKWcS iH.C 1,£2 00 c 
c/m in. ©Sfcfi-CftSfflStf. *¥*')T*J*bUX 
SI^42L/min. ©ifcg-CigA 1/ . nSGaN 
K^fiXgS-a-S. C<Dtm-C> 3 O^PtanMGaNJg© 
«fi*m>. G a N©KJ?#5 o /imSgKllfcft, 
IIllK JRttfttt* 1 3 . V JgJDKHffitett 14A, F - f 
>^Jl?4tft*&«l 5 *>£©^n^n©J!& *'*©«*&£ 
#±L. illKfflD ? F22 tcj: KimmW. 1 0 1 ©HE** 

[0 0 6 0] Cot*. V^Jl^^ei 4 B*f.Ga 
NM££ST ■&/£«>«:. NH,^«:5L/min. © 

1006 1 ]^C, i^>^Mf 1 6*>e». 2 
OOcc/min. ©St©HC 1 tfX^iiSU 

1 0 1 4Mt SG a A s Si i- ?>yK J; 'JiSt 
h. X"jf>^!(|iISSl 0 l©tJ4>ttjfite^fc£ 

j^K-rnt*. ^ttia©GaAs*sisfcS3n. jsih© 

SJ#/1\2 lifi^©Ga As*lg|-o?tWS§t£:^S. ifc, 
x y t/rtxm&'g 1 6 teigl,7i:Q3|£t5 1 0 1 ©£T 
#x*?->^KJ;9|&£;SftT4>. ^/r\2 1 ©?8g|5# 

tCGaNM^AOii*. C©Wg|-C^5£-rS©-C. Ga 

NK©fiRs*^T-r & c i &-c* s„ xmmvteM 1 -c 

GaA s^Tx^^CcJ^iifciil/. GaNI 
©**^S<fc^tCl,fc. 

[0062] mmm 1 o 1 e^t^Ga a s 
/eft, x?*>^fia&f i 6*>6©hc i #*©« 

*&£#±U mmmv-y K2 2K:«t«3, IfHzT'di 

1 2©*«*lellsSti-2.. C©ft-T<?tc. iibK^« 
^13*^6. lOOcc/min. ©itSOHCI*/ 
Xi500cc/min. ©iSfi©^**^ i=Sr^L. 
V»«t&tl4A*?). 5L/min. ©ffiS©N 
H,*'^£ 5 L/m i n. ©fjSS©^*fX £?:iiiEl/. 
K-f>y/^f4«*&ei 5*^6. 20 0 c c/m in. 
©afcm©S i Hj C 1 , <b 2 L/m i n . <Dti$M<D i gMij 
XtZWLh, nSGaN^©)55cS*SgaTS. C©«t 

vmm\®tei l g 1 4 B*^SSS 1 0 1 £B$*Lfc 
Ga NiS^r^-r^fcibiC. 5 L/m in. ©i&ETN 
H,*'^©^*^^. C ©«*§«. JS*t(B>J©ffi-CGa 
N©fi£S?r^r . G a NK©?ia#4 0 0 'CUtTlCfr 

[0063] G a NHg©lifcg£ 4 B#fatCt>/c ot^W . 
Ga N©M«*U 5 0 amfiStcab/cft. flffiKtfc.-* 
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1 7©tB*»£f#itU nii£M4tSte < g 1 3lCi*ALX 

stc^Abruss i h,c ^©m^^^n^n^ 
oo-Ck:>i2,*rn$?g-r2>„ 

10 0 6 4] G a NJg<Diag* s 4 0 0 'CJJTRCfr -oft: 
ft. Vi£M*4«*§ei 4ARtfl 4B*><p«&L,-CI,>3 
NH^SrgSIS^KgigU Stt^fSSl ll*l©Sfi: 

1 2A^mf5aj^. 

[0 06 5] ^HifecD^KD^atCfcOeXS^-l+fcG 
aNK©>f^S|5»CD8ijl»4 5 0 urn. KJ¥#7iJtt± 3 
0/iDi, S9©*§«©-o-c*SGaNJg©fl5p¥S 
it, 9. 2xiO'mmt*0, 1 0 OfgCD^ic Lfc 

G a NBS©tftfettjfi© 0 0 0 2 SI* ©^ffli^ilgti, 1 9 
Oarcsec, -3/c. 

[0 06 6] — tb«©fc«)tC. fi£5fc{*l£ bt, §2 
3K.7n?fe%L&ffi<DHVPEmW.l BZMftL. i&HE 
%ffll»-C. GaAsiiSfilOltU, m!¥4b0 

[0 06 7 ] 50//m©GaNl^g3^*T«, 

xmm<Dfc&<om- vm{tG<®*mw$im$£m. 1 o * 
n,^ci^ii^sr*5. c©itr k-k>*h*4 
izvwmmmzw ha^6. v &m*4 <t mm 

[0 06 8 ] C©*£. i??>WJSfl 6*> 
50 0 cc/min. ©SS1©HC 1 ^i5L/ 

min. <Dffim.<D7mx**m&h, mmw.\ o i©x 

t©i*S*tfBy©ffi-e<DGaNll 

[0 06 9] 4 B$ra1fiS©fiS^-CG a N £J^JP4 50m 
mlSfi^tf*.. ttc, 0 lOGa A s^St 

■2>©lCg-T2)BfP^fc, (2IZ4«lllffiKC'*'&. ^-©&, 
Mfc.t-* 1 7©a**f!»±U Xjf^^X^f 

1 6*6©HC 1 ^i*JR^X©«*&€r»jhL/. Wt> 
-?T5L/min. ©StS©^*'* £{ftf$-rs. S 
fc. III»IJlf4«*& < S 1 3tciSAb-C^-5.HC 1 
Um^tfX. K-f>^M^"C4)SS i H,C 1 ,©«*& 

^•f-ft-eftflutu GaN^©sg#4 0 o-acfrss 
-cus-r*. 

[0 07 0] G a N|g©Sg#4 0 0 *CJWTfc:frofc 
ft. V«ilR8ttte«l 4A*>6«ttL"CC»4NH,#X 
*S*#*»cafEL. SJ6SS1 lrtOBtt*Sfi*T 
ttabfcfe. l£M3ftfcGaNSI£&£g8 1 

[0 07 1 ] S4(i. «nE©863l6«l©*ffirsRWl/?fcG 
aNil 0 Zim&ttolCTiiLtc&iWWlX'thZ. C©g£# 
WcfcO. GaN1102%H£O^. GaNil 


(7) 1$G82 0 0 2-2 6 1 0 2 6 
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0 2 ©Ja#*>6 1 c m<D$m<D&mt>t 5 0 #*!£©&]£ 
T*7»**««ai/Tl>fc. HipAttjfiOXM® 

0 0 0 2 SH©*ffi±"fi«. 270arcsec. X$> 
itc. 3 6»C, S«3©JiS©-OT*2.GaNM©ft^ 
¥tttt. 8. 2xiO'nmtJb^fc. 

[0 072J15B, *HJ6©^® 1 ©III- V«Ht£ 

©G a NM©M/lt ?y 7Tfe 

10 [007 3] 05£#M-fS£. [KJ:*)Sf5»l© 

i ©in- v mt£®*m#<D$tmi&icx <o mm 

SftfcGaNMtt. 0~8 0 0 jLtm©)AfEH-C. 

s*«-je-ca o . mm*m <a -> x &s k> imemti* 

[007 4] ±fB©«k Stc. *£ttM>£AI 1 ©III-V 
&*b^*J»*S&£iiSg 1 0«:ffll,iT5Jg3t?cGaN 
MS. fie3RffiCCJ:»3fi£fi§-li-fcGaN^Ci:b^r. S 

TifeS. cms, 2r5£©]8/¥2-eGaNIB£i&iUfc 
20 a. x y*/* J: iiSiOl© 

ft. BSStftl 0 1 ^SLfcGaNI^iWJ:') 

fc««iB©«fflilfcb©jlfii»vis«»*i**(*w-c. ISG 

aNMSSlW^. SStffliJ©®-eGaNgi©Kit% 
iW5Ci*ift5©f, SSSSSI 0 l*|£i;bfcG 

aNMr©affi^n«c®Hr^^Pfi*^6n. s/c 

T&ftfcG a Nffi£J£lltt©&i,>G a Nf&gffi£©Ifo^ 
*» £M^©IJ SWlSri 5 ftft: C i tc J: Z fc© i 
#3.£ft5„ 

30 [0075] ft*>\ *siis©^fli i ©hi- vmil&to 

HC 1 ^/HOTTO***. SSffi 1 0 1 ©x * ^>yji 

e. tfc^^Dsiii-rsfctocc. h,, ci,. hf?©» 

©^^tffibTfcJ:^. 

[0076] */c. ^j|ffl©^fiS 1 ©III- VlRjb^W 
l otcte^r. il^i o l icMLxa 
imm.tj:J5ftfrii&mwrtxi:mALx^z>&, g&n 

40 zzmAtttfatmmm 1 o 1 ©*isii©iw«*<fc© 

HWci/tfc. *3U5S©^flll©iii-V^b^*© 
WHj^iBl OiPl^lc, GaNSstcS 1 ?. f^vtifi 
^ f -S C £ UP ^. 6 ft 5 C 4 * KB L- T t, > 3 . 
[007 7]^c, 0 1 £x? ?>2/K: < fcr)|& 

i-T2>/c»©xu;^>^^?>;tb^XJH 6ai®Stg 

1 o i tcommi&uft&ic-o^xvMmutiL&mmc'o 

[007 8] S 6 «. x y?> y^flMS'g 1 6 (OUT, 

ptaH^x;n 6 atsaisi o i L<Dmmx??\$sk% 

50 S^S/c*(c^xnjictb^X;H 6 aiilStfcl 0 1 i-ffi 
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Wbtc^m<OVizy't> 1 2©J§&£te*LT*Vf«S0 

xz>z>. 

[007 9] §S« 1 0 1 ii 9 1 6 

©tf^&fctj-'X.iH 6 aiCC^fifteoUTtt, x-j^> 
1 6©**^ajyXJH 6 a(DM<0«b»>6 

•F-tzx* i 2«c«HFsnri^aasi o i©tM>i o 

1 a*T©SB£ («f£. KjHoi^-ra) fCiO^g 
U HSffi lOliJi^ >^*'^«*&« 1 6 (DiiXVk 
W^XjH 6 a <b©^fTftS«:oi,iT«. m&& 1 0 1 
©^©^C^TS^/t^ f-;H x», ^^tf^gt 10 
1 6 © # * ekfcB J X)V 1 6 a <DW'£te H (CfS o fc"< 

3*a£Tiifc#fa£iE<i-r&) tc*t UTfc-rftK (tifg, 

[0 08 0] «T, (0* . 5* . 1 0* ) . 

(2 0- . 40* ), (6 0' . 7 0' ) . (8 0-. 
85" . 9 0* > (D-en^ntCSSLfcJS^Kfc^-C. 

10 0 8 1 ] I7~01 Oli. ^BlaStf/efti®*® 20 

i o i zmtt ztdbicm-r h&miLozm&Zmirv^ 

[008 Z]@7-I10(!:*t^77!!ii?,. 8§«a 
T. 5~1 5 0mm©|5HF*3r-*SCi*sW*LliCi 
I«10 1 Sr<Dg|B#S)&-*-£r*fcti>tc. X9?>4W 

i 6 $ n & x s- #qs*s i 

0 l©Jli2&t+#tetS;i£;in-r. */c. Kf$a#15 0 
mmWif^^xh. «S*£ 1 0 1 $.X-<DmM*mT€ 30 

x. xyf^mifetu^^j^tisi^^ 
^^*3sssi o i imtzmic&Wi-rztcibx-ihz 

[0 08 3] i3^«. mm®. 1 0 1 ©l&SfCg-jJ- 

zmrsommzmztx, so- tir<-8o~o- t 
so) r*sci*J5?SL/^c oft. cn«. 

[0 084] tt±Kiftl?Sl,*:J:5«C. SESSati. 5-1 40 
5 0mm. &m*. 8 0' «TitS C tiiK $Sf£ 1 

[0 08 5] (flt&©JJ**§ 2 ) H 1 1 ». #Hi£©ff*!i 
2©III- V^{b^¥^(*SSi»^H3 0 A©W8£i* 
-T»Tffil2T*>£. 

[0 08 6] C©III-V^£^¥£f*SOI3£S3 0 
ATB, SSlfil 0 1*5. lM2X*£l 9±(CJSrafl]K: 
M$£&&K.m.K)ttV htllctt-? * 1 2(c$ssi3*T,s. 
S/c. u 6*5. ScEPG©<^KJ5 50 
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fS§3Sl l©±gPCCfSoT. IHzX* 1 2©SffitC0"3 
iM,-C. ®S«1 0 lCKffiK. 01 1©*E|1 

T^S. S 6(t, VMf4iJSf 14B*i, *Ef]M©«fc 

^k&issssi i©±ss«:»r>-T\ i z<omw 

CcHOi^r, HS&10 l©gfficc. iSJg. 011© 

ft-?-o,»s„ ffe©^«> mmvmm Koiii-vmt 
£®imgfcmm!£mi o<Dmf&±m-x-$,z><Dx. b- 

[0 08 7] COIII- V«ft£«N|£*fl«iSS«3 0 
AB, x «, ?>iftfzmtem 1 6 ifi. Kf&SS 1 1 ©± 
4S{CfSoT. If-feX* 1 2©SffilC[5l»)iM/C. US® 

1 l©RMtc. jtffi, x^>^^ffltci*i 
"CtSfctf). ffiSflfcl 0 1 «r^SCCleIIE§-frSci^ 

mi 4Bfrhvmmw#z.$:»k*mux, g a Nss^fs 

[0 08 8] #HJfe©mS2©III- VlKfk^W 

^{*£Si*«§3 0 A£fl!t,>-C. SSffil 0 1±KIII 

*^«:J;f3fiS«l 0 l*:m£-?Z*&aji<Dlll-vm 
ffc^^ftcoRjS^aKOUT, G a N»JS©fiSK* 

[0089] if, MOCVDiS^J;-5r. 3Mm©^ 
il©Ga N*fiSgl//c2^>5 : -S©S i (100)gl 
*S10 1£, T-feh>. T-»U=i-;HCj;-oTSfejfUfc 

f& sit>^iii irt©^*x^i 2tcsii:«e|-c@3c-r 

[009 0] &:fo\ *HftCD^2-C«. SStS 1 0 1 

ttts i (ioo) i&mutcmic-o^ximTz 
*^ ffecc^sdfi©^® 2 ©m- vmit&wimmftwi& 

S§3 0 AtCfc«,>Tx^^>^*5Blgg-c*^J:'5J t c cS i 
(ill) ^©ftfe©ffi?:iffii-rSS i. G a A s . G 
aSb, GaP, InP, InAs, InSb, Zn 
O. m« s Mg A 1 ,0,?©Xh'^JH)Sa^ (AB 
,X, : A, BttPBttTC^, X(i^t*7C^) . NdGaO 

[0 09 1 ] ^*C, 1 1 ©rtSHSJ^I 1 1, 

•^-©^ Stt.^g§l lrtfC^*'^ 

[009 2] 1 2 €r^^tc|sIfEigjaiL/ 

T. @SS 1 0 1 * 5@fe/m i n. HIS©[h1$e5IS-C 
I1KIE8J)3#>5:A1P), m®t-Z 1 7 ^IEMiL. ViSeM 
*4mS&e 1 4 A^ilCT. .VSsH^iteyXjH 4a^ 
?)5L/min. ©tfiEfiONH, . fL-TF-fy 
^M*4«*g^l 5©Jl»4^yXJH 5a*e.. 5L/ 
m i n. ©SeS©^*X ^riS 0^*5 6. SSlg 1 0 1 

©?aK£i i o o'c&v&urz. ttc. nmmtm 


(9) 

IS 

iteg 1 3 ©III&fimHT-iSgB 1 8 ICG a &H€flftB LX 

. mtmrnm^ is^soo -cm&iasamt 

3(C. lOOcc/min. ©iiSEOHC 1 ^i50 
0 c c/m i n. ©g£S<Dg3g#X<fc£igAT£. Ill 

i 3W^a?wchc i a Mt. urn 

JMUttStfl 8©Ga£JS£J5lc>l>T, GaCltfX* 
Ilti&lf4f**&./X;l>l 3a*6, GaCI*' 
ft*. 

[0 09 3] IIlS£Hf4«IS'g 1 3&CHC 1 #*£z£A 10 
Ute»T*>£to3#;Wifli®l,;fc&. VUUKftttlMH 4 
A#>6. 5L/min, (DiiSKDNH^XiSL/in 

in. ©OT<DfiS#:*£&!k*tH3-l*&. SMWofS 
gl 3SCX1 4 A^6^*ai3ft*GaC 1 iNH,t 
WfrfoLX, flStSl 0 l±M:GaN*§i!,££j?KOT. 
G a N^(DfiSS*5^3ft*. 

[0094] F- t>*JKHflUe« 1 5*>6{&l£;*ft* 

GaNJl©1l»e&©^tt*Pl!iKt'SfiKK: 
«. Cp.Mg^J^^aiSfta. ffe*. GaNl©l 
St£«©!fc1*i:£n39K:-f*l^c«. SiH.Cl 20 
?Ktffl;Sft.&. feTF. *H)5fi©Jf^2-C« t SiH.C 

1 , *i£A LX n M*^<*5r$ajfT 5«^UT 

[0 09 5] V3KM»4«*& i g 1 4 Ai^NH^XOi 

6. 1 00 p pm«C^?RL//cS i H,C 

l,£200cc/min. ©8fc§-C?fc#mStf\ * 
/c. +t';r^tU^i^^2L/min, ©it 
HT*AU naGaNHfclifcftStMfc. COttffiTS 
0#IH, GaNJR©fiRS«rm>. Ga NJg©Jg|J¥#5 0 30 
a mKJtLfc«. i5-^mMfl6*6, 2 0 

0 c c/m i n. ©ijfeS©HC 1 #X£flStS 1 0 1 © 
SMtClB)Wr?>C#tt3-l*. S i flStS 1 0 1 5rx^^> 
^tdrOBj^OTtxCo x 1 0 1 
©SffiOtf^jfiCC^yc* «fc 5 KTft«. C©tf-l>ttjfi 
©flS«l 0 lttJfiCDS i^ofcttJWCtt*. *fc. 
flStS 1 0 i©£{*#x*3 L >yfti'3l&3i;?ft-ct>, 
flStSl 0 1 1 2tcSf$T-5fcto©^m<D 
iftg|$#fc: G a N mtfiX 0 C ©f^-CSSef * © 

•C, G a NK©gg4^f 1 5 C i^-C# 5„ #g|J&© 40 
J&J&2T?tt. flStS 1 0 1 *£TX7 ^>4/fcJ: 0^4 
U Ga N^©*#£££«fc5tcUfc. 
[0096] *HiS©^fil2-C«, G a NK^S3"t+ 

s/cfeKfiss i o i <Dmwm^wm.^txtc^mmi& 

mi 3-1 SICKLX. fiStS 1 0 1 fcG&icTSfcto© 
x » i/***^© 1 6 it. flStS 1 0 1 ©Bffiffltc 
IBg$ftTl,>*/ci*. 1 2©3iM'HtT:ffSffi 

1 o \ %x-v*i'i/K.Si'om%ii,ui)ih. ft9M*>&& 

mwm&'gl 3-1 5©#*?ktiJL-<'X.>H 3 a~l 5 
a * b&mm% mt&? SCilCfcOGaN M©!^*^ 50 
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[0 09 7] c©<fc Steer. fiStS 1 0 l£l&*U/c 
X9?>jWX0tt&*l 6*>6©HC 1 tfXOftte 
*ff>±0fc„ ISl/cgli, V|£J5ilf4«t£ 1 g 1 4 B*>6 
NH,#A*vkZliiLX. GaNK£«grr*. 
[0 09 8] x 7 ^ > ftCfcO flStS 1 0 1 »*LT 
GaNl(DfiXSIJi(Kte , 3, GaNI 
<DJ&&*4mffilCt>tcr>Xffl l 1, G a N^©flgJI #4 5 
0 jimtiftt<:8l/ft:&. JJDgfcfc — £ 1 7 4>tbft€ffjh 
U III^^f4«,t&gl 3JCiiAt-Cl^HC 1 #'XR 

S i H,C l,©«l&4*ft*ft#jtU fflS«l 0 1© 

skau o o •(;«:& a s-cks-t-s. 

[0 09 9] 1J"feX$» l 2tc£}#$*VCl>£GaNjB© 
S&# 4 0 0 'CKTtt ft r> tc&. V StfiWltttte 1 4 A 

mo. stasis i irt<oja§t*s»ss-c»aufca. g 

aNJKfclf-feX* 1 2*i6BX0a-T. 
[0 10 0] *3O6©^fiS2©^^CJ:0fiS;gSH±/cG 

a nmvtp'CMftomBte. 45owm. 

±3 5um. S9©titg© — 3Tife5GaNi(Dt$f 
Sti. 9. lxio'mmtftO. 10 0fg©<g^«:l/ 

tcyt¥mffiLm<D®mic£-z>x>7zr v *«n.6ft&*>-p 

fc. GaNR©i*>J*ittia©0 0 0 2K«©¥fI± 

tit*. 180arcsec. t?*o/c. 
[01011B12B. *SUfi©]K»2©III-Vfi|{t 
^«5iia»flj©»{«*j* ififJfeffii {c«k 0 Hfi S ft** ft 
•eft © G a NK©ISJ¥ <t tt*¥8 i <0M**5Vi- ^5 7 

[0 1 0 2] 0 1 2 *#flS-r-5. <»: . □CC«fc»5^-r*H*fe 
©?f?PJ2 ©in- V0ltt^«l*»»©84ii^ffitc J: <9 SJl 
iSSftfcGaNKt*. 0-80 0am©Ei|-C. 

^<!:•^^^ft^c^»Ci*s»*^. Cftte^UT, #(C«fci3 
7RT«e*«C«JE&ffiK: J: <5SS{j§SftfcG a Nltt. H 

[0 103] C©Jc^tC, *HJS©JB«I2©III- VjK 
{b*«»^(*«JS«ElB3 0 A*««,»rflJ»3#fcGaN 
Bl». '&%L&K.£*)f&m2MtcG&UmiCbt.'<X, S 

T*S. Cftl*. WS©iW*"CGaNBI**Hll//c 
tt. xy5 1 > : y^xtt*&^l8(c<l:- 3 -C. flStSl 0 1© 
Hffi*. itS. x-,*>^U flStSl 0 1 €rl^*0/c 
f*. KflStS 1 0 1 *m£LtcG a Nffi^SR**^«fc "3 
ti»H©fiail!fc)!j©»t>Vlj|«W*!>c*{stWr. 1£G 
a UWZB&LK&lo. 5«ffli]©ffl-CG a NJ£©S!ti§£ 
m-i&CtifiXSZOX; i^flStS 1 0 1 =fcl$£l,fcG 
aNS-C©S!I^ftic®H-r4XRI*s}mx.6ft. 
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ntxtcG a Nffii*SStt©^^G a NE£gffi£©Itofig 

a> 6 #s£-r z> mkommmm $ n/c c t tc «t s *> © <t 

[0 1 0 4 J &*5, ^^©^^©ni- VE^^b£^^) 
^£>'i^fc$'^j£^^ig30AK::tet,>^:. i,f>^ilT 
HC 1 %m^X\.*Z>tfi, ftStgl 0 l©xy^>^2 

e. t^^sjgn-r^fcfcK:. h,. ci„ HFf©t 

[0 105]*/c. #Sli6©J£f!g2©III-Vl*Mb£4$!l 
¥S^ij^«S3 0AtCfc^-C. «S1gl 0 HCitibX 10 
l3«Sii:^[Sl*^S^5r^AU-Cl^*5. G a NJUt 

3 0A«b|5j«(C. GaNKtcSO, * 7 » * ©&£*<}!? 
* 6 n-2> C <!; L- T I 

[0 10 6] ^IC. Siil 0 1 *x**>*KJ:»)Bli 
1 0 1 <b©^tS.O f ftS«c:-3^-C©S5l^{4S^«^o 20 
[0 10 71H13W. i^>^«Sf 16©*' 

xektB^xjn 6aia»tsi o i ^©^ttR^a* 

6 a ^ili 1 0 1 *m%\stcim.<OV-b7Z 1 2©J3 

[0108] fflSffi 101ii7f> ftfXtJUS'g 1 6 
©tf^qWH^XjH 6 a<t©H18i{£:o<,>Ttt. x??> 
W^Mf 1 Q<DiJ*ty.\&yX)\s\ 6 a©W-C^H' 
#>6-!J-te:?"* 1 2«:^snrt,»-5®Stgl 0 1 ©*>i> 30 

1 0 1 a*T©{Ett (J-m Etta&gHi-rS) fc«tO 
!£I&U SSS 1 0 1 ix»f>m«JStl 6©# 
X?*ca^X;H 6 ai©^TftS(Col»TK, fl»tfc 1 
0 1 ©-€-©#<l>ifiK:?S-3/c-<? h ;M ' x.v^^if 
Xzm£'glS<DXv?>>f*fZl>kmsX)\<l 6 a©# 
hJUJ ' (-^^hJl/r . J ' *ttx 

■5. 

[0109]flt, (8ft4, (0* . 5' . 1 0 40 
• ) . (20* . 40' ) . (6 0* . 7 0* ) . (8 
0" . 8 5* , 9 0* ) ©-eft-eniCfgiyELfctg^K*} 

^©ffillaso'/sfttc-^^r. mfa<DBB 1 CCfc^T 
7H 1 7c0 7 ~0 1 0 <C m L fc^m £ BWOlS** 1 !* % 
ft. EtaH, 5~15 0mm. fifttt. 8 0* ttTi 

tsct*!, sssi o i imik-rztdfyicmrz&fm 
zmm? •& ±fs ar * s c £ *» 93 t & o & . 

[0110) £/c, (111) ^©^©iE^iEt-r-S 50 
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Si, GaAs, GaSb, GaP> InP. InA 
s. InSb. ZnO. IS. MgA 1 ,0,i©^f* 
't/SS&A (AB,X, : A, BlifittS;^. XliPSttjc 
JS) . NdGaO,^n^*-f l-S^iH. L i G 
aO,^©S«?rfflC>fcti^Cfc t iffg©g«&£*<. 

CI,, HF^OffeO^X^rfiefflO/ctS^fCi). HtR 

toiii) tfc mi irm-r«fc^&m-vfii{k^ 

^S*Ki*t(gfg3 0 A)-m <b , M 1 4 -CTF-rJ: 5 & 

in- vKtt^^{Mjfi«K3 o b b&mr-z z. 
[oii2) c<Diii-vmt&<to¥mim&mmi3 o 

Btti, lellKfflDv K2 2©tfH£. x-v^>^^«*& 

mi 6tvmmtmte<g 1 4Bi=&<t^-c^s. x*^ 

>*'#X«$yEnG©J:5K:S£ft> Suf>^*i, 
itS. ttSttil 0 1 ©aSK^/cO. -€•©&, -y-b^* 
1 2©g®©— ^fc£W6ftfc^rt>£*:EPG' ©.t^lt 
SFUiSnS. ceD»JfiK*»l»-CW. ffiS!S10 1©|5|K 

H#3W&tai,»ft:*. x ? ^fi©$IJffilt4*S|ol±^-S 
i#A6ti^„ S^K. ffiS«l 0 1 «rr**L//dS«. 
V]^Mif4«i^rf 1 4 B*><E»*E|]M©«fc ^JCV^J1I4^^ 

[0113] o 
Bt, 01 itcttm-vmt&mmm#$mm&3 

0 A i ID«©58!l^*5ff 6 n ^> C i L/ T I i6 . 
[0 114] Sfc. ■**HS6©Jf^2-C« > x??>if# 
% t G a NHISrGf'^T •Sfc&ON H, ^^©mifi&«?r. 

-en-enx „ 9 > 1 6 4 v i sn$4«*§ i *f 1 

4B<t^e>-en-entt*&L-Ti,^*i. a^m^x^x 

It. i^>y*^7l/fcg[, Xi.?-^^*-^^^! 
6 i L/ r N H s ?:flfS L T t l^. 

fSU C©lg^C«. HCliNHji*!, SrSf^ta 
SlGUr. B0©Jg{t7>*--? A (NH,C 1 ) ##6 

[0115] (HJfe©Jf^3 ) *$m<DBm3Ttt. 2 

•T^III-V^b^5*^tfeiit»g4 0SlC/C©III- 

vmit&mmgmi&mm; 4 0 « £ 4 m- v^b^ 
[01161H15B. 6t5t©aa»K 1 0 1 icmmas 

B B B RSS 3 H & C <t *s T t <£» III - V ^ b^*2g!»$!<ji 

si@4o©kss. laiet*. si5©k-k' ma® 

[0117] c©ni- vmit£®m?m&mm$im4 0 
it. ummmvvmmiMzmmfoi 0 Komm^m 
t&o. ftn^a-rsciKiosttii 0 nc^ofisss 

1i£^4fU&£Rft!tt©Kl£!gS31 l^rWbTl^. 
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rt«Mc«. in- V*fte***#*8ftfiM3 tt4fc 

* 1 2 <t. 11101 ic&vxiufcffiMzm&-TZin 

« 1 4 A 4 . F - fcf> y«*4*ttttr a h - f> *JS$l 

(ft&e i 5 asts ioi4i » ?>*-r*fc«>©* 
GaN)g*esf itcuxovmimm&m 1 4 B itfR 

WfctvCl,**. 1 ©»»«:«. St&SSl 1 

©*FJltc?S5J:5K:. RflaffSl 1 %»^2>/cfe©fln : 

[0118] Stc-SSI 1 1 tt. *W»cB«**ifcR 
«K©«R«P1 U«l. c©JSt£8Pl 1 a_tfc. E 
tS8Pl 1 aiR<Cf«M«ctt*J:9(cffifi«««cE«5ti 
/cRfgFtt©fflfSSI5 1 1 b#BX9ttW<=>*vcu&. C©P1 

(mi i btt. jb»tmi» , c-3eo»aic«to'c*iD. 
pqtgjgBi i b©±sui i ctt. jWKsaaifcWtt 

*i-Cl> S. P3WW1 1 b©*±»Ktt. 
**^rSfc©©*WU32 3*«Rtt&*Vtl.»*. 
[0119] KtftSSS 1 1 ©flWJCtt. RtasB 1 1 b© 
4fcC*K»r>r30*4 ltfRttfetrC**?!. c©S:«4 
l©±««:tt. H««(c»liJEStifc-9-b^i'«W64 2 
SloSS 1 l©RfSSPl lbiH4Wra»6ft 
"COS. 

[0 12 0] C©**^*WN94Z«DTiH»Ctt. 6^ 
©D-te:/* 1 2*$-S-fe^i?S^4 2©*'^tt4Pl'C>n 

2B. |fiJW»WWcBI©«d-Httl*li3*«*t*. **i 
•etiffrC^I^tCjBoT, 3 0lsIK/min. flK©l!fc 
jiRrBteojfiBtCiii-jTlia. StfeT'f 12tt, -9-fe 

^^ii«#4 2©Tffiffi!Kcia:w6n-c. *©Tffi«:a« 
i o i*«*tvewwsw*-^** ; * i *'» T 

[0121] ±IB©-9-fe-7*$^-g4 2©TfflKRW6 

^•Stxfc-S^tL-r, F-tr> F- 

fc, §F-f> jfJKfttttett 1 5 KB. ft F - f> *Jf 

flfl 4A**h*tiRW6>n-Cl»4. *F-tf>dWl 
^tetl 5©BT3E©liStc«. IlEBUSf^ffeSStt* 
fcfcOllliSWftlffiBW 1 8#**i-enRtt<=>4vCl> 
5. &jm{tt*&e=&C©<fc5Ki2iIT*C<LtC<fc!5. II 
tiHKft £ V**»s^l»M»IMM>l»ClH 1/PWittTW 
Ajht, £j$-r 2>G a N **IIlJfciat40Uet 1 3« 

m Ln«:ft»r a c t tfiVj±$ na. 
[oi22] s viMmmMr 1 4 a tsn* 4 1 <t©R8 
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(CW, *„*>jW*{JU&*l 6 iV»HR»flUft«l 4 

IMTietVJMWfMMfMBii*. V±7*VM& 
4 2(0±*tC»jlS*i-C. iJ-te?'* 1 2*C«8SWe* 

n*ti©««R 1 0 1 icsttraux. fiats 1 0 1 ©±# 

[0 12 3 1 fcfc. tJ-fe^* 1 2 B. G a NgifitfttS 

a®SPCcPBN> S i C. TaC. Bn«a-?<> 
]JICI4!!KWPB. -ec^ffiSMCPBN, SiC, TaC. 

[0124] iBttWom- vjfiitdHMPaMWJilt 

«M1S10 IKON*-***. int&lfcHStefl 
3*>6B. GaC 1 3 ft*. C©GaCl 

20 ^u. ndMMinmi 8KGa^a*B?iao-c*j 

*. mlWm««13rtKHCl*fX**Al/. c 
©HC 1 #X#in*aM4W*» l 8©Ga&W£EtB 

■r&ct«:j:*)»ssn. mmsmmt^s 1 s © Jan 

». NH.^isi 0 l^sfcarwsns. 

-c. itio i±Ki££ffl;*ft£. 
[0125] ±B^©m- vwt^rtMUWttOMfi 
I4 0*ffll>t. j|»<WB»2£R«©**K:J:«). G 

30 aN*©*&*s**tToft:is*» SGaNiot*«» 

©BUS**. 4 5 0 ym. ^^©Klf^-W* 5 . ±30u 
m. SD©Jg®©— ^SGaNltDffllfi^ 
#t. 8. 7X10'mm£fc»). 1 0 0 «©«*©#¥ 

£©XiS©0 0 0 2%.M<Dmm±t>MlX. 18 5a res 
e c . 'C*-3?c. 

[o 1261B17B. xmmoBi&som-vmit 
■axm^w 4 o ©» jg^ffi <t t k «t o £ n 

fc-€-*a-en©G a NW©K)f t&m*&t<DW&9k$:>n? 

AO tf?7-C$>2>. 

[0127)017 MTSt. DicJ; "3/^^86 

©JKSI3 ©in- v m< t£®>*m&<D$i&%&K- «fc ^ ®{ 

JtSti/cGan^B. 0~ 8 0 0 ym©JEffiffl-C. tt^ 

*©i«ft*ffi«: ±0KJ63tifcGaNJRB. IS)1*5J5 < 

[0 12 8] c©<t^«:. #£i*S©J&83©ni- VIS 
50 {t^«¥*»«iMSB4 0ftfflC» , CfliftS*fcGaNR 
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B, !!6*j*K:J:Dl5S*S*fcGaNIKctt^r, SO, 

CftB, 0fScDB/l*T*GaNK€r»(>SO/c^ * 
.>^>^^«^©CCj:o-C 4 fflSSl 0 lOSffi 
«r, itS, x**>yu 8ifil0 1t»SU/c8, 
M1SK1 0 1 *B££L/cGaNffi^£*#*J:0 4>« 
CT0>ftHt^O*lW|RI(»«:iK«ft»r^ttGaN 
ffi4fi®U&**fc. S*HM<0BSrGaNBIOfi!JSS:«W 
SC<bj&*"C#S©r, BE«*«1 0 1 *Sft*LfcGaN 

/cGaNii *§fitt©£t > G a N J&gffi £ (OmjlMfr h 

[0129] &4b\ *WkO»«3-Ctt. flStS 1 0 1 
±l/CS i (100) Srtfflt/tUS^ fl&K:#^Jfe© 

X5r^>y*SpJtB"C*S«t 5tt (111) ^<Dfl&<Dffi£ 
iSit^Si, G a A s , GaSb, GaP, In 
P x I n A s, InSb, ZnO, SS, MgA 1 ,0< 

a»©*t:*jussigi& (ab,x 4 : a, BBHM45E3R, x 20 

A. L i G a 0,*<D»«*«ffl fe43t)lK!H*tt3 
£Htt©»*#*SC£4teBLTlr»4. Sfc % x?f 
>^4UtB, HClHWKk, H,. CI,, HF 
^cOfifeOD^'^^^fflLr fc2|s|S6©J|2SS3 iBl«<D«l* 

[0 13 0] a/c, #^©#»3©III-VJMb£«J 
*?BftKJftS6«4 OCcteOT, &£& 1 0 1 CC*fLT« 

jftKSttSC&JFCftftl*. BJEfltl 0 _lCC»LT«taf 30 

^fiJi«S*Rl 0 1 U"C*>, ^ 

*©»IS3 0lll-Vi«b6«M^a»#«JKRB4 0 «tPJ 

e>ft&C<fc£B8BU"Cl>&. 

[0131] Sfc, *tfc©*»2TWWUfcJ:9K:. SB 
Stafc*, 5— 1 5 0mm<DS5B&C&£C£#W£l/< . 
ft&fl\Z* 8 0' tiT (-8 0' -0° fc^tr) r*s 

[0132] (Xtb©JBJB4 > *W»©»«4TB % * 40 

IfitJ*- KtfflKt4MOCVD»I5 0«coi»t, 

[0 13 3] HI 8», CCDMOCVD8S5 OCDftlSS 
H, HI 911 HI 8<DL-L' «tCv9-o/cBfiMH"C* 

[0 13 4] C©MOCVDSSfi5 0«. (100) & 
£ffi<hb/cS iaSfEU 0 l±Kni-V|R{b*«*j|| 
#S:3fefl<bUTJiJaftSl*4 fc*©5l£» <t «r & KffcSS 
i l/TO^KWiaB 3 ftfcH«tR©53S 7 o - 5 A t - 50 
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ttSJ«fiSl*Stt«« 1 0 1 ZmSTZtctfXDV >^i* 
©iJ-te?* 1 2£, ntttt©55£7 0-- , 3^--5 1© 
**M*«C»o"CBtW 64rfcinttjmttlft* 13t, C 
©liiEySI4«$&© 1 3 *4><fc& Ufc»*ttfiHKic*ti 
*hiiiKJRI4«ie« 1 3 KflfKilsnkVIBW 
1 4 AM K - fc* > MKttftfe* 1 5 t 6 

h?c»ft. vwwj«»«i4A©±*«:tt. a 
ssi o i*cx**>*#**fiw&r*x 

ttte* 1 6 t V«JS(f4#j&* 1 4 BjMHW €>tlT*D . 
tJ-fe:/* 1 2©«#tCH9i&^«*«l 0 l©Sffi© 

[0 13 5] 53S7n-*^-5 IB, 7kft5£©ft£P 
iK9**5 2©ftV<C«jl&n a C*9. »*P#»**5 
2<D7k»&Ccfc9 > 5*7 ?-Y*-5 1 **©«H*» 

[0136]*/c, 5l7D-7^t-5 IrttCfcW* 
1Hz7** 1 2Ccia»L/c«HCCB % *Kfc©JRfl;tf*K 
* + y 7 UT«HMWf* H3P 2 3 #»W 6 

nrteO, c©St«* # ^aP2 3B, 5l7a-7^t 
- 5 1 RU#m# * * * 5 2 ©JWP*C5 1 * W 2 ftfc&F* 

[0137] 1Hz7** 1 2B, 5l7P-7^t-5 1 
<DJSS|56CSW6n/i:1fi2 7"^S#l 9*C|gHEBaEtCBX 

otfttetvcbo, if-fe^* i 2tc»}$sn^Sffii o 

[0138] tf-te:/* 1 2©rtSBCc« 4 ei**ttlti"r 

r) *siBK3ti-r*5 0. ccoi&tnm&mt-z-zimu 
t&ctttc^Kimmi o i ©«K*iw»r4ci3wr* 

[0139] llH»H»«lft« 1 3©**Wtt, V-ty 

* i 2Cc»r^r&5t««J*ciPi^r>r»^*ca^JE<tto 
/cIII»aRI4!ka^XJl/l 3 a«SR»6tlT^&. * 
/c, V«yR»«»&e 14AMK-f> y JR**tt»&« 1 
5B % |$©X#S^— IMs:/* 1 2CC»ffi]T 

[0140] SM4«t&® 1 3M 1 4AM 1 5 ©ft 
M»B. 557a-7>ft-5 1MW^^52 
©W-«CCSW6n/cJRI4AP5 5«r^U-C^«tC»fflS 
nr^O, c©Wt*AP5 5*^UTB?a©J»R^*« 
3-1 5*iiiabT. E^D-7>ft 
-5 lrt*C»A3ti6. «»AP5 5«. iUjKKtt^ 
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[oi4U nimmmms 6». s 6tt. h y ^ 

(««. TMG) *Bria-r*TMGlT/aSP5 6 
A. h *)JH-)\>7)\>%=-*>J» TMA) tBfiKf 

4TMAB?jKS»5 6B. h\M *.>W >v>3 A 
TM 1 ) Zfcffl.? -5TMlBfjSgP5 6C?:Wb"Ct^. 
[0 14 2] &ini£M*4lS56A~5 6CW:. 

«. §III^Jl^2^i!§5 6A~5 6c^c«^&?n^>* + , ; 

SITS. »m«UW4«5 6A~5 6Cte!l?*3ti*«l 

7^t-5i oinmwmm&e 1 3 ccaw»*i. hisur 

[0143] 7 fctt. N H 3 iJZfimMZ 

n> *+■ 0 3 ft*** 'J 

^--5 1 ft ©V 1 4A*fc(Jl 4BtCjl3 

tir. ^©VSiMlsUXW^X^ 1 4 a*P.il« 1 0 

^eaif 1 0 lwnBteitowreKSffisn*.. 

[0 144] F-t>yifil7 8Ktt. nSt*S»(** 
SSB&f & F-f>^M*4i Or. S i H.tfttiaSft 

4SM 5 6 A ~ 5 6 C icfm bX KW 6 fifcRfjBSK 6 1 

k. p m^mwoy f - f> * scp.mbM? 

tSK^nttOOKCtiT. SS1R1 0 i±tci!)c*UJ3ti 
5. 

[0 1 4 5] 02Ott. ^HJ6<DJf^4CDIII-V^t 

fp$Sl/fcU-1f#-f K2 0 0©»rffiEir£>2>„ 
[0 1 4 6] CCDU-- F2 0 01*. n^Ga 
N=>>^^ M120 1±(C. niAl,., J Ga,.„N* 
•7 •> FJ1 2 0 2 . nS!Ga N#-f F12 0 3, riffif 2 
0 4*Jll^a^3*T.fc«j§?rWbr^-2). GaAsrt>*b 
Bf$.Zt\tc9Mfol 0 1 tt. n^GaN^>^i7 1-/12 
0 1 SrJailglfIT SHif CCi > >? XX K <fc *) ft« 3 ti 
*ttWtC«*S*iSU-" V¥4*- F2 0 0 * 

[0 1 4 7 ] r£teH2 04©±tCtt. Al..,, 
Ga ) ., l N„.. 1 As 1 .„»i@2 0 5. P 3!!GaN 
ill FH206. p35!A 1 ,.„.Ga,.. 1 Ni5/-79 FJB2 
07. pSJGaN:3>** H12 0 8 JWB^SHSft. 
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09. pS®i2 10A. n§2^H2 1 OB&B&Zti 
X\,>Z>. 

[0 1 4 8] IBHWtOU- y^tf-F2 0 0©®[>£ 
^ 1 8(C7f;-rMOCVD^S5 0?:fi6ffl0fcti 

^{conrstwrs. 

[0 149] *r. ®»S10 lSrgfcftbr. MOCV 

-f^-5 lrt*70To r r iXfflZLtc'&< *t'J7 
#XigjI©6 Oa^^f&tf^SrS^? P-7^-5 1 

5l7n-7^-5i rt©isg*5-3£tcft o/dKJ* 
r> ++ i;r^X«ji^6 0t»him2ftZ^%Wx<O 
ifc§£ 1 0 L/m in. it-. V&M*4«*&W 1 4 A*> 
6&il&i*tx&NH,#X ; &3 L/m i n. ©ifcSi 1/ 
-C. M*4AP5 5^/hUr. VfgJMslftteBl 4AKjl 
b. ttfttft. III^JIfcMft085 6B*»6TMG*6 0 
Mm o 1 /m i n. ©iftSr. lllKi^«t&lf 1 3*> 
61#H*U i«g^ft®Tt. AIN/^77i©« 
**tfofc. j£g<*-t*-fc:A 1 N|g©I3tt30nmT* 
20 rjfc. 

[0150] iXfC. nittJKFKfctt* 1 3*>6>©TMA 
©&*&*#±U 5S7Q-7-ft-5 lrtCtSS?: 1 
0 5 0*C*-C#iaL. nitKIlOTmteS 1 3#>6. TM 
G&5 0 jum/m i n. ©8£ffir<g*&U F — t'>yjH 
&&*fi«l 5*>£«, SiH.^ilOnm/mi 
n. ©«£fir«ySLr. nlGaN3>^*H20 1 
£ 5 0 y m©^i¥CC)?£S3 Htc. 

[oi5i] c©t, i»f>^Mf ie*>?>. 

HC 1 #;*£2 0 0 c c/m i n . ©i&Srjffib. 
30 ffil 0 l*i??>yCC<fc0K5*-r^. COW. Xjf 
>^WC*SHC 1 tfXifi. SStSl 0 1 ©*<i>ttifi 

tc^/c-2>j;5tc-rti«. cfi^jfioassi o i*^* 

3 nr. IMs:/* 1 2#iaOS*Sl 0 l«»#Lfct^ 

mc-rscttfi-at*. «stsi o i*^±tci^ 

SSn/cti^rt). -tf-fe^ - ^ 1 2©^SP^tCGaN^*5 
AOiA^. C©f3r^!ETS©r. GaNJSOfiXS?: 

i 2©a®ffl | J* : '^*&3tirc^or. ffl««i o l 
x 5 <g : ->^cJ:'3^bri.>2)S*Ktec>rfc. 
AO $12 ©ffffi*> e>^-M*4«*S© 13-15 frh&Bm* 
^T-SCi^r^SOr. GaNH©SSS€:i^W2)C 

[0152] *H5fi©ffJSI4r«. SSiS 1 o l 
S i *i ^>^tcj;<3. £&<C|ft£U GaNl©* 

[0153]* br. S»t5 1 0 1 «*3Wc«. i 
9^>^XttM«l 6*^©HC 1 ^©Stt&«:»± 
fs. cw^-T^k:. V^Mf4«t&©l 4BA^NH j 

^5:ifLU. sste i o i ^m^nx^mucA l N 
so ^ 9 y t «*«if-r &mmt&<g 13-15 
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4»«:tGaNIR(Oiafi*|»W, GaN«©IW*J3 0 0 
*zm*Ctt£*T? % n§?GaNCD3>^^ hi20 1 

[0 15 4]#K, 5*7P-5-{t-5 1^760 
To r r <DE*1WU 3*>6>TM 
A£ 1 0 <iro/m i n. Oftfit iiflD«*& U , fltSO. 
8 0 /umQnSA 1 0 . 0S Ga fl . 91 NO^7 ? KB 2 0 2 

[0155] fcfc, IldUmWd* 1 3*6©TMA 10 
CD&J&£f§s±U 0. 1 /zm(DJBt«<DnSaGaN<D*-/ 
KB 2 0 3£»tiELfc. 

[0 15 6] nlGaN©^ KB 2 0 3*J&K3i*fc 

3^6TMG^10Mm/min. TM I £ 
1 0 um/m i n, CDfjKfir^ft^ft&ilSU I n„.os 
Ga fl .,,N*>6tt&rS14B2 0 4<DPil£B£ 5 n m©l. 
/Wctt*J:9k:RWSl*^. JS14B2 0 4 *J0MS*a 
B$(c», F-tr>^ffll»«f&«l 5*6S i H 4 *l 0 20 
nmol/min. ffgOiSMTift L T 4> £ 
» % III«liRH«JMI13 3&>6TMG*10Mmo 1/ 
min. OSfcMTs TMI45 0/imo 1/mi n. <D 
^^ft-ttiGtt&U I n 0 . I Ga 0 ..N*Pfcfc*rS14 
Jl 2 0 4 cd#FJI£ 3 n mOBtWtctt £ J: 5 teJSJEfiS # 

fc. s*>k> ihkm*4«*&®i 3^e>«*&snsni)ss 

Itt^TM ICCg!HU 10Mmol/min. (DSi 
TiftU 1 no.oiGa.. 9 ,N*>6&iffi14B2 0 4 OK 

B2 0 4CD©SJli#FJlicDSSig^^^iIb, 3B© 30 
^lt^#Fl^aS^#fci t fltf&tePSiSBfcl&gi* 
«ffitti2 0 4(D^I^7*r^ ^1412 0 4^ 
Kttcctt, J&S£Wf£XfI£AftTfcJ;<. CCD* 
KX«*A*i*C £«:<!: 5, #FB, NfiBOIIffi^fi 
«ctt*K ?S14B©*3^*#ffi±3*i*. 
[0 15 7]g|4J8204^g3tm 
&*S<gl 3^6, TMG£ 1 0 /i mo \/m i n. ©fife 
iL TMA£5 Mmo 1 /m i n. <DVtlM. Cp a Mg 
£ 0 . lOnmol/min. 

L/, 3 0nm©B»©pS!A],,„Ga,. IJ N©S»!S 40 
±j!2 0 5*(Sfi3*8:fe. 

[0158] *CDSL mttHMtttt* 1 3 ft»64)TM 
G, TMA, C Pl Mg(DW^Ml, NHj^iB 
*#*±©#H»+K: t &JI<DSK£Wtf 1 0 5 0*Cte 

[0159] HliSJR*4flttft* 1 3 «>64>TM 

Gi50umo 1/min. £>?j£S. Cp,Mg^:0. 
20nmo 1/mi n. OSST^u, pSGaN(D 
2f-fKB2 0 6*0. 1 jumCDfl|Jlte/£g2i£/c 0 

[0180JJHC, IIlKamftlAVl 3*6TMAt 50 
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10/imo 1/m i n. ©ifiiti}AU, 0. 5 nm<D 
mmcDvMA lo...Ga,.„N©i'7'?Fi20 7*J3E 

[oi6i] ^oD?g, nnumwavi 3*6©tm 

A©«*&*f*itU HflSiRf4«l&« 1 3*6TMGi 
Cp,Mg tzmteU. pffiGaNCDrJ>££ hH2 0 
8£0. 5 um<OWNC&&Si£. IIlKJKM 
tfeiS^l 3^6©TMGiCp,Mg"iO«*&*ffih 

[0162] a±BWBUc*ffi«:J: OfflHStifcSB* 
6&SROft*¥SW, 2 -O^StRrtCCfcHT, 8. 
8 x l 0 3 mmr&o/c 0 

[0163] A 1 N'**?TB*«*Sti4 

KB9MU nIGaNO3>^i'hl201?: 
gSfcH£tf-C, CCDn§GaN(D^>^^hl20 1OS 
£B®tenMm©2 1 OBWT^ C<DnMm@2 1 
0 B©n«HH#Ri LTB. Ti/Mo, Hf/Alf 
4«fflf4Ci*Jr*S. pH«SW»«:B, S i O, 
INtfflR2 0 9*JK*U P^GaN03>^^hI2 
0 8£iSfcH3t*\ P d/A uC02 amCDtIO »J ? K 
7OW0pS112 10A4M^o C©pSI« 
g2 1 0 ACDpMnm&WltClZ. Ni/Au, Pd/M 

0/Au4MfflLtfe^ o 

*<mr a. 300-iooom m<omm 

r*ac lc>. ^#HRO f u-if*-T-o^--r 

JSHBO»a*ffifeWCC, DFB (Distribute 
d Feedback), DBR (Distribut 
ed BraggRef lector) 3S<D#ffi*m> 

[0165]^ ^t^'J • ^a-#«WD5 5-S8 
SCC 7 O^CDSm^^rW-r^S iOjiTi O z <D^mf* 
KfcSEEKSeeU »*(*^BHWn*»«Lft:. CO 

[0 1 6 6] Ja±<0XBCCJ:O % *«W*affll/fcMO 
CVD^15 0 ttiJ: 9 III- V»{ t^W^ft© U -if 
K2 0 0*«JSrSCi*«T*4. 

[0 16 7] ±E<DJ:9<CL-CHSdftft:U-1f»7® 
fio°D*«, 2^>^StSrtCC*5^r, 8 6%T*^/c 0 

[0 16 8]llI^Uci, «K*/*-C*5NH 

3 1KJ£TF£ftofc. CtiB, * 

te®gffi£l&*T*t <ttei:-3T> @8t5iGaNHli 

GaNflgcDSO. *7**£fcK:«*l>U C 
Ote*, GaNB*«*«iOTU-1f-«Bft*f¥0ii 
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ioi6 9]ttfe, *mm<DBm4 xk. ass 1 o 1 

il/T (111) Affi=&3Effii-T-5Ga A s«fflbt 
ffe^*HJ6<DJf5Si4CDMOCVDMg5 0(C*5 
l>ti? ?>^*5nJtET?*)-2)<fc 5 ft (10 0) S?©fi!2© 
I*±Iit5GaAs. Si. G a A s , GaSb. 
GaP> InP. InAs. InSb.ZnO. SS. 
MgA 1 ,0.&<DXZ (AB,X« : A. Btt 

hh&c*. xitmtTtm) . NdGao.^p^ 

*M hMJSH. L i GaO.^CDSiS^ffi^Ur^xfc^ 10 

HClWKt. H,. CI,. HF m<Dtik<Drtz*&m 
LXi>£i,K 

[0 17 0] */c. *mm<DBiB4lCi6^X, &JDf4#* 
GaNJg*(£g3-t±£C£*s-C£titf. ££tC#L 

Ct. GaNflgte£»), vP<DQ&&t(9%.h*x2>tt 20 

[0 17 1]*te. ^©fl^ZTlftHji^cJ^c. SB 
State:. 5mm~l 5 0 mm©$5fflT?*>S C i*5Jf$ L 
<. /3ft«. 8 0* (-8 0* ~0' fc^tf) X$> 

[0172] fcU:. Hife©ff5JS 1 ~4 (Ctel^Ttt, G a 
NJKOfiSK-^^'C^b-ClttHJb/c*!. BN. A1N, A 
laGal-«N(0<o<l), InN. In/3Ga 
1 -/3N (0</3< 1 ) . I n rGa SA 1 1 - y- S 
N (0<r<l. 0 < $ < 1 ) t>, #££HJ3© 30 

ill- V«5{t^«J^l*«^g»jSffl-rS 

[ 0 1 7 3 ] $7c. G a NJ&tfX&SSSiPJ— iagTa 
Sffi©Xf T-^ffctf ott,>5*5, GaNHSIItcAlSf* 
-^AftOffiHT&ntt. 2f:SIJ6©J&Sg 1 ~4 ilSJ^CDJE!) 
Wk-W'&htiZ. *<*WIC«. 8 0 0'CULh. 1 1 50'C 
«T. S 6K» 9 0 0 'Cfc*_L 110 0 -CJWTjW* U 

[0174] sfc. *¥m<z>Tii-vmiei*mmmk 

jg&Ste. HVPESSS. MOCVD$SSA:W-C#< . 40 
^V-^«lb-$^i/ (GSMBE) 8S, *S 

M^-Ait^+t' (c be ) mmmcto^x twrn 

[0 17 5] 3 etc, GaN£<*M><tL7tg 

#*. G a A s . GaSb. GaP. InP. InAs, 
InSb. AlGaAs l£©fl!i©III- Vj&ft^^Og 

ttMi&KssriSJB-r a c t &x t , mmt^nm tiffls 

LX^Z. 50 
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[01761 

[ 5iW<D%)m ] &L±I&W b fc J: 5 K . #»9I<D I II - V 
^t£439*i»<*$!ii£gg&tfIII - V EHb^*i£&© 

■?■©&. ^ffiufcni-v&fbi&WItt©*®* 
vfcjmtixxumxz z<dx. tmnmcmm-rztK 

RS*S}Ipx.6n. ^n/cGaNffi<»:ifeSt4©m»G 
ft. SO. *7?*S?©^lffi#<5$3ft/ciii-Vj&Kb 

[BB©ffi*IMSl&BJ] 

tun iits©m^ 1 ©in- V«Kfc*«J**ft«Jfi« 
SI 0©»rBi@-C&S. 

[12}il ©III- V&fb^^ttSliSISS 1 0© 
B-B* «HC»5Wrlfia-C*S. 

[H 3 ] B 1 ©III - VKft^W^aMtfcBWHI 1 0© 
C-C' i»tct&5WiBST**. 

DiSJSS n/cG a NK©S 0 4^-T»tBB-C*S„ 
[15 ] JUtoDSft 1 ©in - V«Ht*«**f*©«jft 

cajjtsnfcGaNiR©-?-n'en©Bi«i*^*si© 

[El 6 ] HJ6©Jf2?§ 1 ©in-V»fb^«l*W*«Jfte 

s i o tcfcwsastRsc**- ? 9 L >y**^^tt©Hja 

[07 ] Htfe©JI5SI 1 ©iii-V^b^¥aS(*SSjS^ 
S 1 0&CteW-2>K8t aRO'/3ftia»IS©^*lCg-rS 
l^riiOMM^y^? ((3ft=0' . 5" , 10 
• ) 

[B8 3 9Gtt(0»tt 1 ©Ill-V&fb^^ttSifiS^ 
SI QlcmiZmikaRZ) t (3Pitffimfa<D\& : £lC&-S-Z> 
mffitVM&Zm???? (/3ft =2 0' . 4 0' > X 

[ho 3 mmmm i ©ni-vtwfc£fc3Nw**BB8 
si oictew-ssgBtaRa'/sftiaaffi©^*^^^ 

&fr$t<DW%*™??7y ((3ft=6 0' . 7 0' ) -e 

[bio] nas©^ i ©in- vm\t4&mmm 

«HH£CDmi«m'r^7 ((33=8 0' . 8 5' . 
9 0' ) t?*4. 

[ill] SBW©^S82©in-VIS^b^»*i»(*«Ji 
SIS3 0A©»iBB-t-*4. 

[II 2 1 HiB©JBfiJ2©iii-v^b^*^©M 
jsTjffitci oiSitsti/cG a Nisac/eejfe©sa^?£fc 
«t o Mit $ n/c g a n motn^tKomm £ llfi^^S i 

©08^^ bfc V Xtb 
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[@i3] nmomm 2 ©m- vmit^^m^mm * 

gig 3 0 A JCfe W SWHSRtfx » ? > *#*«*&©© 

[014] Sfe6fi<0Jf$Sg 2 (Dili- VS^ft^«9^«g(*^i5» 
J£g3OB©»TS50-C**. 

[015] Hi6<DJf5«J3CDIII- VJSHt£!|3}¥ig#®fji 
£g4O©WE0-C*3„ 

[016] 01 4 ©III- V&*b,^¥gftS«itgE4 
0©K-K' 18tc&9lKfflHra>S. 
[017] &tt®$S3 ©in- V^t^¥iS<*©Sli 10 

«fc *) Kits n/cG a NJS©^-n-en©K/?i 

[018] 3«li<o»«4©**Wtt:«.Sra-vUKt^ 

t5/cfeOMOCVDgg5 0 4^1"SiIit?*5. 
[0 1 9 ] 01 8©MOCVDgg5 0©L-L" 8K: 
?S5®tli0-C$>£. 

[02 0] ggife©JfcflSi4©MOCVD$SH5 04fflt>T 
fHSSn/cU-f F4StKfflElt*S. 20 

[02 1] m-Vi&fti^^ttfcM&TSWMffJfc 

hvpe^s:i A*^-rKffi0t?*s. 

[022] 02 0©HVPE^H©A-A' !SK»5Wi 
Bd0-C*^„ 

[023] se*oin- v«Hk^«*5»#*«!a-r*H 

V P E$SH 1 B £m-rtKE0-r * 

10 in- V UK b£*¥»f*K£Ka 
1 1 
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i i b nwm 
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i4B vmsmm&'g 
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